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(54) Heat treatment method for monocrystalline silicon wafers 

(57) There is (fisctosed a heat treatment nielhod for 
a silicon monocrystal wafer comprising the steps of 
heat-treating in a reducing atmosphere a silicon monoc^ 
rystal wafer manufactured by growing a silicon monoc- 
rystal ingot by Czochralski method chaiacterized in that 
a wafer obtained from a sHicon morxxvystal ingot hav- 
ing oxygen concentration of 16 ppma or less which is 
manufactured tiy pulling at a growth rate of 0.6 mmMin 
or more, and in which COPs exist in high density Is sut>- 
jected to anneal heat treatment at 1 200 "^C or atx>ve for 
one second or mae tfuough use of a rapkl heat- 
ingAapid cooling apparahjs. or at 1200 "^C or above for 
30 minutes or more through use of a k>atchwise heat 
treatment fumace, and no delect silicon monocrystal 
wafer obtained with the method. 

There can t>e manufactured a silicon monocrystal 
wafer in which crystal defects existing on the surface of 
the wafer or at the surface layer portton thereof are min- 
imized, and there can be provided a silicon monocrystal 
wafer for a device which is excellent in electrk: charac- 
teristics such as oxide dielectric tveakdown voltage and 
electrical rel}at>ility 
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Dsscflption 

BACKGROUD OF INVENTION 
Reld of the Invention: 

[0001] The present invention relates to a heat treat- 
ment method for a silicon nrxxKX^rystal wafer obtained 
t)y sGdng a silicon monocryslal ingot grown by a Ozo- 
chralsld method (hereinafter referred to as "CZ 
method^, and a silicon monocrystal wafer wherein crys- 
tal defect density is s^iTicantly reduced by the method. 

Descrv>tion of the Related Art: 

[0002] As a method for eliminating crystal defects of a 
silicon nfK>nocry8tal wafer, there has been adopted a 
method in which a wafer is subjected to hydrogen 
anneal at a high temperatiB'a lnthismetfiod,ODddepre- 
estate is intentionally reduced with hydrogen and dis- 
solved, and thus surface oxide^m is eliminated, 
resulting in inaeasing oxygen out-drffusion speed, so 
that defects can be eliminated. However, it is known tfiat 
even if the hydrogen anneal is performed under the typ- 
ical condition that a temperature is 1200**C and treat- 
ment time is 60 minutes, since crystal defects and oodde 
precipitates remain near the surface of tfie wafer, oxy- 
gen is oontinuousiy out-diffused from inside to outside, 
aiKl oxide precipitates are re-formed. Further, this 
method strongty depends on history of crystal before 
hydrogen anneal treatment and therefore the wafer 
having less crystal defects has t>een selected as a wafer 
which is to t)e sut)jected to hydrogen anneal treatment 
[0003] As an another mettxxi, ttier e has be&n adopted 
a metfxxJ in which crystal defects are eliminated tiy low- 
ering a grt3wth rate of monocrystal. However, according 
to this method, although tfie number of crystal defects 
can t>e decreased, electronic characteristics such as 
oxide dielectric breaMown voltage of a device are 
degraded since tfie size of ttie defect is inaeased. 
[9004] As descritied above, it is difficult to eliminate 
crystal defects suffidentfy, even when the silicon 
monocrystal wafer is sut>iected to hydrogen anneal. 
Furthermore, lowering the pulling rate results in 
increase of the defect size, and therefore it is difficult to 
eliminate defects with fiydrogen anneal. 
[0005] Meanwhile, COPs (Crystal Originated Parti- 
cles) have recently been cited as a cause of decreasing 
the yield of a device-fobricating process. COP is one 
type of crystal defects that are introduced in a crystal 
during the growth thereof and is known to l)e a defect of 
vacancy type having a regular octahedron structure void 
or cavity. 

[0006] When a stiicon wafer having COPs subjected 
to mirror-polishing is cleaned through use of a mbcture 
solution of ammonia and hydrogen peroxide, pits are 
formed in the wafer surface. When the nunnber of parti- 
cles on the wafer is measured through use of a particle 



counter, pits are also detected and counted as particles 
together with real partk^les. The thu&detected pits are 
called "COPs" in order to distinguish them from the 
actual particles. 

5 [0007] COPs existing at the surface layer portion of a 
wafer dec^e the electric characteristics of the wafer. 
For example, a time dependent dielectric breakdown 
(TDDB) of oxide film, one important electric characteris- 
tic of a semiconductor device determined through a reC- 

10 ability test, is known to be related to COPs. and 
therefore reduction of COPs is required in order to 
improved the time dependent dielectric breakdown. 
[P008] Also, COPs are said to affect an ordinary time 
zero (fielectric tveakdown (TZDB) of oxide f ira 

75 [0009] Moreover, COPs are sakJ to adversely affect 
the device4Ed3ricating process. F6r escample. if COPs 
exist at the surface layer portion of a SOI (Silicon On 
Insulator) wafer, txiried odde film is etctied by etctiant 
or atmosphere gas passed through the COPs during an 

20 etchfog process or a heat treatment process, and a step 
is formed during a wiring process, and the thus^formed 
step causes tveakage of wirmg. resulting in a decrease 
inyieki. 

pmO] A hydrogen anneal is loiown as a method for 

25 reducing the COPs. However, even if anneal is con- 
ducted under the typical treatment condition. COPs at 
the suriace layer portion of the wafer can not be com- 
pletely eliminated, txit partly remain. Furtfiermore, 
COPs also remain at relatively near area to the surface. 

30 [POII] The reason of COPs at the surface layer 
portfon of the wafer can not be completely eliminated is, 
for example, that COPs remain in the wafer even when 
high temperature hydrogen anneal is conducted at 
1200^C, for 60 minutes, and later, internal COPs come 

35 to appear on the surface as a result of tfiat the suriace 
is etched during hydrogen anneal. COPs whk:h come to 
appear on the surface right t>efore the temperature 
t>egins to t>e k>wered are difficult to k>e eliminated while 
tfie tempe ra ture is falling, and the COPs which come to 

40 appear on the suriace while the temperature is falling 
are more cifffoult to be eliminated. In order to prevent 
COPs from appearing while the temperature is falling, it 
is necessary to raise the temperature falling rata 
[QOI 2] Because, silicon is generally etcfied in a tfiKk- 

45 ness of about 0.5 |im through h^rogen anneal at 
1200®C for eOminutes. and etcfiing rate decreases and 
migration on the surface of the silicon get small, as tem- 
perature lowers. And therefore, COP appearing on tfie 
surface while the temperature is lowering is not etched, 

50 and is diff k»lt to be eliminated. 

[001 3] Alternatively, in order to reduce COPs, it is nec- 
essary to prepare a wafer having COPs which can t>e 
easily eliminated by hydrogen anneal, and for tfiat pur- 
pose, it is necessary to study tfioroughly the condition 

55 for pulling silk»n monocrystal ingot which is to be used 
for preparatfon of a wafer. In the prior art, a growth rate 
of monocrystal is lowered in order to reduce defects 
such as COP. However, in tfus case, attfiough the 
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number of COP can be decreased, the size thereof gets 
large, and therefore, the probabOity that COPs are not 
eliminated is high even if the wafer prepared from the 
monocrystal ingot tfuis obtained is 8ut)jected to hydro- 
gen anneal. Therefore, it is difficult to eliminate COP 
defects by the existing technique. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been accomplished 
to solve the above-mentioned problems, and an object 
of tfie present invention is to manufacture a silicon 
monocrystal wafer in which crystal defects existing on 
the surface of the wafer or at the surface layer portion 
thereof are minimized, and to provide a silioon monoc- 
rystal wafer for a device wfiich is exceflent in not only 
oxide dielectric breakdown voltage txit also other elec- 
tric characteristics such as electrical reliability. 
[00151 Another object of the present invention is to 
eriaUe production of a silioon nmocrystal wafer having 
no defect, and to achieve enhancement of productivity, 
reduction in the amount of hydrogen to be used, cost 
reduction, and tfie like. 

[0016] To achieve tfie above ot)ject, the present inven- 
tnn relates to a heat treatment method for a siHcon 
monocrystal wafer comprising tfie steps of heat-treating 
in a reducing atmosphere a silicon monocrystal mfer 
manufactured by slk:tng a silicon nmrKX^rystaJ ingot 
which is grown by Czochralski method wherein a wafer 
obtained by slicing a silicon monocrystal ingot having 
oxygen concentration of 16 ppma or less which is man- 
ufactured by pulling at a growth rate of 0.6 mmAnin or 
more, and in wfiich COPs exist in high density is sii>- 
jected to anneal heat treatment at 1 200 ^'C or above for 
one second or more through use of a rapkJ heat- 
ing/lrapid cooling apparatus. 

[0Q17] The rapid heating/rapid cooling means, for 
example, a metfxxl tfiat a wafer is immediately loaded 
into a heat treatment fumace in which a temperature is 
arranged in the above-menttoned ranges and Is immedi- 
ately foaded out upon elapse of tfie above-mentfoned 
heat treatment time, or a rnetfiod that a wafer is irvvnedi- 
ately sut)jected to heat treatment with a lump heater or 
the like alter it is arranged at a predetermined position in 
the heat treatment furnaca The language reading 
Immediately loaded into" or Immediately loaded ouT 
means that there are not performed an operation for 
raising and lowering the temperature over a certain 
penod, as well as a conventional so-called foading or 
unfoading operatton in whk:h a wafer is slowly loaded 
into the heat treatment fumace and sfowly loaded out 
Of course, it takes a certain time to bring a wafer to a 
predetermined position in tfie fumace, for example, sev- 
eral seconds to several minutes depending on capability 
of a transfer apparatus Ibr loading of a wafer. The appa- 
ratus having ttie above-mentioned functfon is called a 
rapid thermal annealer (hereinafter akibreviated to "FHA 
apparatus") 



(POiq As described above, a sificon monocrystal 
ingot fiavfng an oxygen concentration of 16 ppma or 
less in which COPs exist in high density is manufac- 
tured by pulling a silicon monocrystal ingot by CZ 

5 method at a high growth rate of 0.6 mm/hiin or more, 
preferably 0.8 mmArvn or more. Then, the wafer 
obtained by slidng the silicon monocrystal ingot thus 
manufactured is subjected to anneal heat treatment 
with a rapid heatingAapid cooling apparatus in a reduc- 

10 ing atmosphere at a temperature of 1200 ""C or above 
for one second or more, so that there can be obtained 
the wafer in which COPs on tfie surfece arxJ at the sur- 
face layer portion thereof are signifk^ntly reduced. 
AccorcGngly, there can be obtained a device that not 

IS only oxide dielectric breakdown voltage but also other 
electric characteristics such as electrical reliaK)ility are 
significantiy imprcved. Furthermore, a wafer having a 
large diameter in whk^h COPs is especially difficult to t>e 
reduced can be treated in a short time, and therefore, 

20 enhancement of productivity is achieved, and safeity is 
improved since an amount of hydrogen gas to be used 
can be decreased. 

[0019] The present invention also relates to a heat 
treatment method for a silicon monocrystal wafer oom- 

25 prising the steps of heat-4reating in a redudng atmos- 
phere a sUkxm monocrystal wafer manufectured by 
slicing a sificon nrx)nocrystal ingot whkii is grown by 
Czochralski metfiod wfierein a wafer obtained t>y slk^ing 
a silkx)n rnoriocrystal irigot having oxygen coriceritration 

30 of 16ppmaorlesswhk:hisgrownatagrowthrateof0.6 
mm/hrvn or more, preferably 0.8 mnWimin or more; and in 
which COPs exist in high density is sut)jeGted to anneal 
heat treatment at 1200 °C or above for 30 minutes or 
more through use of a batchwise heat treatment fur- 

35 naca 

[0020] A batchwise heat treatment fumace means a 
fumace in which a heat treatment is performed in a so- 
called txatchwise operation, tfiat is, plural wafers are 
placed on plural sfielves provkled in tfie vertical type 

40 heat treatment firnace, hydrogen gas is tfien intro- 
duced tfierein, tenrperature in the fumace is raised rela- 
tively sfowly, and then fieat treatment is performed at a 
predetermined temperature for a predetermined period, 
fbllcwed by fowering tfie temperature relatively sfowly. 

45 When using the tntcfiwise fumace, a large amount of 
raters can be subjected to heat treatment However, 
one cyde additionally including time for foading in and 
foading out of the wafer is fong, and therefore productiv- 
ity is not so excellent as that of RTA apparatus. How- 

50 Bier, it is excellent in controllability of temperature so 
tfiat stak)le operation can k>e achieved. 
[0021 ] When the wafer manufactured from the silicon 
monocrystal ingot having the similar quality to one of 
the ingot used in the atx3ve descrii^ed mettiod using a 

55 rapid heating/irapid cooling apparatus is subjected to 
anneal heat treatment using the batchwise heat treat- 
ment furnace at the temperature of 1 200°C or above, for 
30 minutes or more. COPs on the surface and at the 
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surface layer portion thereof are significainly reduced, 
electric characteristics of the desnce such as oxide die- 
lectric txeaWown voltage, electrical reliat>ility or the like 
are sigrvficafTfly improved. Furtherrrxx-e, as for a wafer 
having large diameter, enhancement of productivity and 5 
cost reduction are achieved. 
[0022] In tfiis case, CX)Ps existing in high density in a 
sQicon monocrystal to t>e sii)jected to the heat treat- 
ment preferakily have a size of 60 - 1 30 nm, and prefer- 
ak)ly consist of only one void. 10 
[0023] The silicon monocrystal in which such a fine 
COPs exist in high density can be easily manufactif ed 
tsy pulling at 0.6 mm/hfun or more, preferably 0.8 
mm/hrun or more. Furlfiermore, vvhen monocrystal fias 
oxygen concentration of 16 ppma or less, almost rx> is 
oxide film exists in the inner wall of COP. and therefore. 
COPs can be eliminated quite easily with hydrogen 
anneal heat treatment of the wafer. 
[P024] Furthermore^ oxygen concentration in the 
monocrystal can be controlled l7y adjusting a rotating 20 
number of a crudbie containing silicon melt therein as a 
raw material, a rotating numt)er of a growing monocrys- 
tal. quantity of flow of inert gas, temperature of melt, or 
the lite. 

[0025] The present invention also relates to a heat 25 
treatment method of a silicon monocrystal waf^ 
wherein the silicon wafer having COPs of a size of 60 - 
130 nm is subjected to heat treatment in a reducing 
atmosphere at a temperature of 1200^0 or akxm. Fur- 
thermore, the present invention relates to a heat treat- 30 
nient rnethod of a silicon monocrystal wafer wtierein tfte 
sflicon wafer wherein COP is crystal defect consisting of 
only one void is subjected to a heat treatment in a 
reducing atmosphere at a temperature of 1200^ or 
abwe. 3s 
[0026] Such a fine COP. or GOP which is crystal 
defect consisting of only one void can be easily elimi- 
nated k)y high temperature heat treatment in a reducing 
atmosphere, regardless of a metfwd for manufacturing 
awafer. 40 
[00Z7] In an embodiment, when the atxyve mentioned 
reducing atmosphere is 100 %rhydrogen atmosphere, 
or a mixed atmosphere of hydrogen and argon, suffi- 
cient effect of hydrogen anneal heat treatment can be 
obtained. COPs having cxide film on the inner wall can 4S 
be significantly decreased, and a void can be filled with 
sflicon, so tfiat almost no defect wafer can t>e provided. 
[0028] Furthemnore. the present invention relates to a 
sflicon monocrystal wafer in which COPs are eliminated 
t>y the method descril)edal)ove. so 
[0029] In the siOoon monocrystal wafer manufactured 
by the heat treatment method descrbed atxsve. since 
the size of COP is small, oxide film on the inner wall of 
COP can be rechiced and dissolved by hydrogen surely 
cfiffused from the surface of the wafer thereto tyy hydro- 55 
gen anneal, a void can be filled wHh sflicon suppGed 
from the surface of the wafer to be eliminated, and thus 
COPs can be eliminated, so that actually no defect sili- 



6 

con monocrystal wafer can be prcvided. Accordingly, 
cfiaracteristics of a device is Inproved, yield is 
ivrproved, so tfiat quite useful sflicon monocrystal wafer 
can t)e provided. 

[p030] According to the present invention, a wafer 
obtained t>y slicing a sflicon monocrystal ingot having 
Gxygen concentration of 16 ppma or less which is man- 
ufactured by pulling at a growth rate of 0.6 mm/hiin or 
nrare. and in which COPs exist in hi^ density is sukh 
jected to fugh temperature heat treatment In a reducing 
atmosphere through use of a rapid heating/rapid cooling 
apparatus or a t}atchwise heat treatment furnace, so 
ttiat COPs on the surface and at the surface layer por- 
tion can be significantly reduced and thus the no deftet 
wafer can k>e manufectured. Accordingly, the wafer is 
quite vahiatsle as a wafer for a device which is excellent 
in electrical cfiaracteristics. Furttiermore, especially for 
a large diameter wafer, since high speed pulling can be 
performed, it is possible to acfiieve enhancement of pro- 
ductivity and cost reduction by selecting the monocrys- 
tal growing condition and hydrogen anneal condition 
appropriately. Moreover, reduction In tfie amount of 
fiydrogen to be used can k>e achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

19031] 

Rg.1 is a graph showing the relationship t)etween 
heat treatment temperature and the number of 
LPD(COP) on the surface of the wafer after hydro- 
gen anneal heat treatment by the rapid heat- 
ing/rapid cooling apparatus; 
Rg. 2 is a graph comparing LPD(COP) 
(nunterAvaler) at the surface layer portion of the 
wafer t>efore and after hydrogen anneal in each 
pulling corxiition of the silicon monocrystal; 
Rg. 3 is a graph shewing a hydrogen anneal condi- 
tion arvi comparison of the effect of hydrogen 
anneal wHh RfIA apparatus with that with a batch- 
wise tieat treatment furnace; 
Rg. 4 is a graph comparing the numt)er of 
lJ'D(COP) at the surface layer portion of the wafer 
obtained t3y subjecting to hydrogen anneal with a 
RTA apparatus and a batchwise apparatus; 
Rg. 5 is a schematic view showing the step that the 
twin type void is growing; 

Rg. 6 is a schematic view showing an example of a 
heat treatment fumaoe which can heat and cool a 
silicon wafer rapidly. 

DESCRIPTION OF THE INVENTION AND A PRE- 
FERRED EMBODIMENT 

[0032] The present invention will be further descrit>ed 
t>elow in detail, but is not limited thereto 
[0033] The present inventors carried out various 
experiments and studies to find heat treatment condi- 
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tions thai can reduce the density Gl COPS existing at the 
surface layer portion of a silicon wafer, and found that 
vvhen a monocrystal ingot in wNch fme COPs ^dst in 
high density is manubctured ksy putting a monocrystal 
having lew oxygen concentration at high speed, and 5 
then the resultant wafer is sut)jected to hydrogen 
anneal, COP density is signif icantty lowered, so that no 
defect silicon monocrystal wafer can be obtained. The 
present invention was accomplished based on this find- 
ing. 10 
[0034] Basic idea about the present invention is t)ased 
on the follcwing findings. 

[003$] Nanrtely. Laser Scattering Ibmography Defect 
(LSTD) in the silicon monocrystal pulled under a gen- 
eral condition in CZ method was previously ot>served is 
with a transmission electron microscope (TEM). and it 
was reported that COP had a shape ttiat two or three of 
regular octahedral voids surrounded tyy thin oxide film 
having a thidviess of 2 - 4 nm were linked, and had a 
stzeof 100-300nm(M.KBtoetai.;Jpn.Appln.Pys.35 20 
(1996)5597). 

[0036] However, further studies have revealed that 
there exists only one independent single type defect 
virhen LSTD in CZ crystal cooled rapidiy is observed. 
The single type defect is also a regular octahedral void 2s 
sized 60 - 130 rm The codde fim is thinner tfian that 
obtained by general cooling as in the above-mentioned 
conventional method, or does not exist in some cases. 
[P037] Furthermore, it has been found that the single 
typedelectsgenerateatanearty stage of defect grow- 30 
ing, and twin or trplet type d^ects generate in ttie sti> 
sequent staga 

[QOSq Rg. 5 is a schematic view showing the step that 
the twin type void is growing. In the cooling step of a 
growing monocrystal, first, vacancy 20 begin to aggre- 35 
gate to form a fine void as shown in (a). Then, tfie void 
dbsotbs vacancy which is cfiffused thereto, and grows 
while interstitial oxygen 21 gathers around tfie void to 
form thin oxide film 22 as shown in (b). The oxide film 
surrounds the void, and prevents the ^mcancy from 40 
beatQ absort>ed therein as shown in (c) and (d). Then, 
the vacancy begins to attack the weakest site of the 
oxide fflm to make the defect grow. Then, at the weakest 
site, the second void 23 begins to be distended to form, 
tfie twin type vokJ as shown VI (e). 45 
[0039] The difference between tfteooncfition for form- 
ing vokf of single type and that for forming twin or triplet 
type void is as followSw When the crystal is pulled at high 
speed and cooled rapidly, a lot of small single type voids 
areformed. In this case, oxide film at inner wall of COP so 
is quite thin or does not exist when oxygen concentra- 
tion is lew. When the crystal is pulled at lew speed and 
cooled stowiy, smaller nurTt)er of twin or triplet type 
voids are formed. In that case, the oxide fim at the irmer 
wall of COP tends to be thk:k. ss 
[0040] Further analysis of the atxive phenomenon 
revealed the fdtowings. In the past it is attempted to 
deaease defects such as COPs and the like by growing 



monocrystal at low speed, and sut^jecting a wafer to 
hydrogen anneal to eliminate remaining large twin or tri- 
plet type COP defects. However, it is (fifftcult to eliminate 
the COPs with hydrogen anneal, since the COPs are 
too large, and the thtek oxkie f Om exists on the suriace 
of the COP. On the contrary, according to tfie present 
invention, monocrystal having low oxygen concerrtration 
is grown at high speed to provide a monocrystal ingot in 
which there exist a lot of single type COP having no 
oxide film or thin GxkJe film if any. In that case, COP can 
be easily eliminated completely witti a heat treatment 
namely hydrogen anneal of the wafer. 
[0041] According to the present invention, the pulfing 
rate is 0.6 mm/hnin or more, prelendbly 0.8 nm/imin or 
more, so tfiat a lot of single type COPs having small size 
as 60 -130 nm can generate, and growing to the twin or 
triplet type COP can be well prevented. Therefore, tfie 
pulling rate is preferably as fast as po68it)le, for example 
1.0 mm or more, depending on the diameter of tfie 
pulled crystal. If the pulling rate is less than 0.6 mm, tfie 
crystal is cooled too slowly, and therefore COPs grow to 
the twin type or triplet type and the Qxkje film at tfie inner 
wall of COP get harder, although the number of COPs is 
decreased. The single type COP has a size of approxi- 
mately 60 - 130 nm, and has no oxide film at the inner 
waD in most cases when tfie oxygen concentration is 
tow. 

[P042] Oxygen concentration in the silicon monocrys- 
tal ingot is preferably up to 16 ppma (JEIDA: Japan 
Electronic Industry Devetopment Association), espe- 
cially up to 10 ppma. When oxygen concentration is 
nx>re than 16 ppma, oxkJe film gets thick, resulting in 
insuffk;ient elirnnation of COPs in the hydrogen anneal 
step, and longer heat treatment time, which may affect 
adversely on the quality and productivity of the wafer. 
[P043] Oxygen concentration in tfie sifioon monocrys- 
tal ingot can be controlled easily by conventional metfi- 
ods, for example, by adjusting quantity of flow of inert 
gas, rotating namber of crucible, a rotating number of a 
growing monocrystal, temperature of silkxxi meH, or tiie 
like. 

[0044] Sut>sequentiy, a silkx>n wafer is produced by 
slidng the atx3ve mentioned silken monocrystal, and 
subjecting it to a fieat treatment with a rapid heat- 
ingAapid cooling apparatus (RIA apparatus) or a batcfi- 
wise apparatus in a reducing atmospfiere of 100% 
hydrogen or a mixed atmosphere of hydrogen and 
argon at 1200*^0 or atx3ve for one second or more in the 
case of a RTA apparatus or for 30 minutes or more in 
the case of the batchwise apparatus, so tfiat COP den- 
sity is signif icanfly decreased. Especially tfie COP den- 
sity can be deaeased to zero t>y this condition. When 
the wafer sut)jected to atx3ve descrit>ed hydrogen 
anneal is used, there can t>e produced a device which is 
excellent in not only oxkle dielectric breakdown voltage 
but also ottier electric characteristics such as a time 
dependent dielectrk: breakdown. 
[P045] An emkxxiiment of the present invention will 
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be descr3)edwHh reference to the drawing Homt- 
ever, the present inverrtion is not limited thereto. 
[0046] Examples of an apparatus which can heat and 
cod a silicon wafer rapidly used in a hydrogen anneal 
step of the present invention tndude: heater such as a s 
lamp heater with heat radiating, a laser heater with a 
laser beam, a X-ray heater using X-ray. a resistarK;e 
heater. An example of commercially available appara- 
tuses is SH&-2800 (product of AST corpi). These appa- 
ratuses are neither extremely complicafted nor io 
expensive 

[0047] Rrst, a description win t>e given of rapid heat- 
ing/rapid coding apparatus used in the present inven- 
tion. Rg. 6 is schematic sectional view of a resistance 
heating type rapid heating/rapid cooGng apparatus. is 
[0048] A heat-treatment fumace 10 shown in FIG.6 
includes a k>ell jar 1 wtnch is formed from, tor example, 
silicon csMde or quarts and in which a wafer is heat- 
treated. Heaters 2 and 2' surround the bell jar 1 so as to 
heat the bell Jar 1. The heater 2* is separated from the 20 
heater 2 along a vertical cErection. Alsoi power supplied 
to the heater 2' is independent of ttiat to the heater 2 for 
independent power control between the heaters 2 and 
2*. The heating method is not limited thereto, but so- 
called radiation heating and induction heating rnay also 25 
be applicabl& The bell jar 1 and the heaters 2 and 2' are 
housed in a housing 3 serving as a heat shield. 
[0049] A water-cooled chamber 4 and a t>ase plate 5 
are arranged at the lower portion of a fumace so as to 
isolate the interior of ttie bell jar 1 from the atmospher& ao 
A wafer 8 is held on a stage 7, which is attached to ttie 
top end of a si4)port shaft 6, which. In tum, is moved 
vertically t>y means of a motor 9. In order to lo^ a wafer 
into or unload from the furnace along a horizontal direc- 
tion, the mter-cooled chsarber 4 has an unillustrated 3s 
wafer port which is opened and closed k>y means of a 
gate valva A gas inlet and a gas outlet are provided in 
the base plate 5 so that the gas atmosphere within tfie 
funace can t>e adjusted. 

[0050] In the heat treatment fumace 10 having ttie 40 
atx3ve-descrft)ed structure, heat treatment for rapid 
heating/rapid cooling of a siRoon wafer is carried out in 
the procedure described k>elow. 
[0051] Rrst. tfie interior of the t>ell jar 1 is heated to a 
desired temperature of 1 200^0 or above tiy the heaters 45 
2 and 2* and is then held at ttie desired temperatura 
Through mutually Independent control on power sup- 
plied to the heaters 2 and 2\ a temperature disbixition 
can be estat)lished within the t>ell jar 1 along a vertical 
direction. Accordingly, the heat-treatment temperature so 
of a wafer is determined by the position of the stage 7, 
i.e. the amount of insertion of tfte support shaft 6 into 
ttiefumaca 

[0052] In a state in which the interior of the bell jar 1 is 
maintained at a desired temperature, a wafer is inserted ss 
into the water-cooled chamber 4 through the wafer port 
by an unillustrated wafer handling apparatus arranged 
next to the heat treatment fumace 10. Ttie inserted 



mfer is placed in. for example, a SiC boat provided on 
the stage 7 which is srtuated at the bottom stancby posi- 
tion. Since the water-cooled chamber 4 and the base 
plate 5 are water-cooled, the wafer located at tfus 
standby position is not heated to a hig^ temperatura 
[0053] Upon completion of placing the wafer on the 
stage 7. the motor 9 is immediately driven to insert the 
support shaft 6 into the furnace so ttiat ttie stage 7 is 
rEused to a shaft 6 into the fumace so that the stage 7 is 
raised to a tieat treatment position wftere a desired tem- 
perature in the range of 1 200'*C or atxive is established, 
theretjy heat-treating the wafer at the temperatura In 
this case, since only approximately 20 seconds, for 
example, is requM for moving the stage 7 from the 
tx)ttom standby position in the wafer-cooled chamber 4 
to the heat treatment position, ttie silicon wafer is 
heated quiddy 

[0054] The stage 7 is halted at the desired tempera- 
ture position for a predetermined time (one secorvi or 
more), thereby subjecting the wafer to higfi-teiTperature 
heat treatmerrt ever the hatting tima Upon elapse of the 
predetermined time to complete higtHenperature heat 
treatment the motor 9 is immediately driven to withdraw 
the support shaft 6 from ttie interior of ttie fumace to 
thereby lower ttie stage 7 to the bottom standtiy position 
in the water-cooled ctiarrt>er 4. This lowering motion 
can t>e completed in approximately 20 seconds, for 
example. The wafer on the stage 7 is c^icMy cooled, 
since the water-cooled cfiamt)er 4 and ttie t>ase plate 5 
are water-cooled. Rnally, ttie wafer is unloaded from 
inside the water-cooled charrtoer 4 kiy the mfer han- 
dling apparatus, thus completing the heat treatment 
[0055] When there are more wafers to be heat- 
treated, these wafers can be sequentially loaded into 
and heat-treated in the heat treatment fumace 10 main- 
tained at a predetermined high temperatura 
[0056] Through use of the above-descri>ed rapid 
heating/lnapid cooling apparatus, silicon wafers were 
heat treated in a single-wafer processing sctieme n a 
100 % hydrogen atmosptiere. 
[0057] The wafers used In the present embodiment 
were sliced in a commonly practiced manner from a sil- 
icon ingot having oxygen concentration of up to 16 
ppmatn which COPs having a size of 60 - 130 nm exist 
in high density, that had been manufectured in accord- 
ance with the atxyve-mentioned Gzoctvalski mettiod at 
a pulling rate of 0.8mm /nwi to 1.2 mnVhiin, and were 
then suk>jected to mirror-polishing. The wafers each tiad 
a diameter of 8 Inches and a (100) orientation. 
[p058] The reducing atmosphere can be 1 00 % hydro- 
gen gas, or a mixed atmosphere of tiydrogen arvt argon, 
the latter may t>e selected in order to control reducing 
force of hydrogen, to prevent generation of slip cSsloca- 
tion or by the other reasons such as aspect of safety 
[D059] The heat treatnnent was conducted in a temper- 
ature of 1 200 ^'C or aboi« for period of time one second 
or wore. The temperature less than 1200 is not 
enough to eliminate COP completely The time less 
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than one second is not enough to adtuBfB heat treat- 
ment effect. 

[0060] As descrft>ed above, the wafer prepared by 
subjecting the wafer having snraO COPs to hydrogen 
anneal through use of RTA apparatus has almost no 
GOP. especially at the surface l^er portion, so that a no 
defect silicon monocrystal wafer can be manufactured. 
Accordingly, by using the wafer subjected to hydrogen 
anneal, there can be prepared a device which is excel- 
lent in etedrical characteristtcs such as 09dde dielectric 
tyeakdown voltage, a time dependent dielectric break- 
down, or the like. 

[p061] When the RTA apparatus is used, temperature 
is raised cpjtte rapidly so ttiat it takes quite short time to 
reach the temperature at which COP can be eliminated, 
and ttierefore, COPs may be eliminated easily even 
wfien a tot of single type COPs exist 
[0062] A batchwise heat treatment fumace can also 
be used for hydrogen anneal. The batch type heat treat- 
ment furnace means so called batchwise heat treat- 
ment wherein wafers are placed in the vertical type or 
the horizontal type heat treatmerrt fumace, hydrogen 
gas is introduced therein, the interior of the fumace is 
miUly heated, and ttien the heat treatment is performed 
at a predetermined temperature for a predetermined 
period, followed by descending the temperature rela- 
tively stofwty. When using the k>atchwise fumace, a large 
amount of wafers can be subjected to the heat treat- 
ment at onca However, one cyde additionally including 
time for loading in and k)ading out of the wafer is long, 
and therefore productivity Is not always excelienl How- 
ever, it is excellent in controllat>ility of temperature so 
tfiat stable operation can k>e achieved. 
[006^ The condition for hydrogen anneal through use 
of a batchwise heat treatment fumace is bask»lly same 
as that for tfie above-fnentx)ned RTA apparatus, 
namely, in 100% hydrogen gas atmosphere or in a 
mixed a tmosp h ere of argon and hydrogen, at 1200 ^'C 
or mora Heat treatment time is preferably 30 minutes or 
more. The heat treatment less than 30 minutes cannot 
provide sulfk:ient effect namely. COPs cannot tie elimi- 
nated sufficientty 

[P064] As described in the above, even when the 
batchwise vertkal type heat treatment fumace Is used, 
tfiere can be eliminated almost completely COPs at the 
suriace layer portkm of tfie wafer prepared by subjecting 
a wafer in whk:h small COPs exist so that no defect sil- 
icon monocrystal wafer can be manufectured. Accord- 
ingly, by using the wafer sut)jected to hydrogen anneal, 
there can be fabricated a semnonductor device which is 
excellent electrical characteristics such as coade dielec- 
trk; breakdown voltage, time dependent dielectric 
breakdown, or the lika 

[0065] In the measurement another method, total 
number of COPs at the surface layer portk>n (from the 
surface of the wafer to the depth of 0.5 |im) was 
decreased to about half an amount Accordingly, a 
batchwise apparatus or a RTA apparatus can be used 



depending on purposa 
[Examples] 

5 [0066] The folkMving examples and comparative 
examples are t>eing sutxnitted to furtfier explain the 
present invention. These examples are not intended to 
limit the scope of the present invention. 

10 (Example 1) 

[0067] With the pulling rate (SE: seed elevation) of the 
silicon monocrystal set in three stages, that is 0.6. 0.95. 
1 .4 mnVhiin, the monocrystal ingot fiaving oxygen con- 

15 oentration (Oi) of 16 ppma and a diameter of 8 inches 
was puDed, and a wafer was prepared tfierefrom. The 
wafer was then 8ut)jected to hydrogen anneal at a tem- 
perature of 1000 to 1200 ''C. COPs existing at the sur- 
face layer portion of the wafer was measured in LPD 

20 (Light Point Defect) mode of a light scattering appara- 
tus. 

[0068] The results were shown in Fig.1 arxi as follows: 
when the wafer was sut^jected to hydrogen anneal in 
100% hydrogen atmospftere, at 1200 ""C, for 10 sec- 

25 onds throu{^ use of a RTA apparatus (SHS-2800), the 
numbers of COPs of size of 0J20 to 0.12 pm at the sur- 
face layer portion of the viafer were respectively 50, 6. 2 
per a wafer, fslanrely when tfie pulling rate is higher, 
more COPs were eliminated. When the wafer manufac- 

30 tured under the condition that SE (pulling rate) is 1.4 
mnVhvn, and Oi is 1 6 ppma was subjected to hydrogen 
anneal in 100% hydrogen atmosphere, at 1200^0 for 
one hour with a batchwise heat treatment furnace, the 
number of COPs was 90 per a wafer. 

36 [0O69] These results show that a heat treatment is 
preferably performed at a temperature of 1200 *C or 
abova tfiat wfien the wafer manufectured by high speed 
'pulling is subjected to hydrogen anneal, LPD(COP) 
defects can be easily reduced, and ther^e that tfie 

40 wafer fiaving less COPs can be obtained. Furthermore, 
ft is found that the pulling rate is skswer than 0.6 
mm/hiin, although it depends on the diameter of ttie 
pulled crystal, COP grows too much to achieve the 
effect of hydrogen armed. 

45 

(Exampfe2) 

[0070] The importance is in the total number of COPs 
at the suriace layer portion in deptii of up to 0.5 ^m 

50 which becomes a surfece after device fabrication affect- 
ing tfie devk». However, it cannot t>e counted directly 
with a particle counter at onca Therefae, oxide film is 
formed in several stages of thickness by a thermal oxi- 
dation treatment, and the number of COPs in silicon is 

55 counted via the oodde film with a particte counter to cal- 
culate an integral value in depth cfirection. For example, 
the oxkie fOm was grown to tfie thk:kness of 1.0 ^m in 
several stages, and the total numt>er (an integral value) 
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of COPs existing in the depth cf up to 0.5 |ini from the 
surfece was measured (Hereinafter refenred to as ''oxide 
film mettKxT. 

[D071I Fig.2 shovvs effect of hydrogen anneal meas- 
ured with COP measurement t3y the oodde film method. 5 
Silicon monocrystal was pulled at a rate of 1 .4. 1 .4, 0.95 
mmAnin to produce the wafers wherein oxygen concen- 
tration was 16» 12. 16 ppma respectively. The resultant 
wafers were subjected to thermal oxidation treatment to 
provide sanples on which surface an oodde (SiO^ fSm 
having thickness of up to 0.95 |im was formed. The 
numt>er of COPs at the surface layer portion of them 
was counted by the oxide fOm method. On the other 
hand, other three wafers were prepared by the same 
method as descrit>ed atxive. and were subjected to 
hydrogen anneal in 100%rhydrogen atmosphere, at 
1200 ''C for 10 seconds through use of RTA apparatus. 
The wafers were then sii)jected to thermal oxidation 
treatment as descrik>ed above to form an oxide film hav- 
ing thickness of up to 0.95 pnt COPs at the surface 
layer portk)n of the wsSer was measured by tfie oxide 
film mettiod. 

[0072] The results were shown in Fig. 2. In Fig.2, 
LPD[COP] (numberAwafer) at the surface layer portion 
of the wafer t>elore and after hydrogen anneal in each 
pulling oonditkMfi of tfie silicon monocrystal is shown as 
a bar cfiart As is dear from Fig.2. when the pulling rate 
is fast as 1.4 mnVhfiin. and oxygen concentration is 12 
ppma, tfie largest reducing rate of the number of LPD 
(72%) can be achieved. Among the wafers which were 
not sutijected to hydrogen anneal, the wafer manufac- 
tured by pulling crystal at a rate of 0.95 mm/hiin fias tfie 
least LPD (approximately 6200 / wafer). However, in the 
same wafers except that they were subjected to hydro- 
gen anneal . a redudng rate of the nunfoer of LPD was 
the smallest (approximately 18 %). These results 
reveals tfie following facts. When crystal is grown sk3wty, 
the number of COPs may get small, but the size of COP 
gets large, and in that case. COPs cannot be easily 
reduced. On the contrary, vvhen crystal is grown tet. tfie 
number of COPs may get large, but the size of COPs 
gets small, and in that case, COPs can be easily 
reduced. When oxygen concentration is low, COPs can 
be easily reduced. AccorcEngly. it is the most effective 
for reducing COPs with hydrogen anneal to use the 
wafer fiaving tow oxygen concentration manufactured 
by pulfing crystal at high speed. 

(Examples) 

[0073] Theeffectof hydrogen anneal with RTA appa- 
ratus is compared ¥vith that with a batchwise heat treat- 
ment furnace. 

[0074] Wrth the pulling rate (SE) of the silicon monoc- 
rystal of 1.4 mm/hiin. the monocrystal ingot having oxy- 
gen concentratton (Oi) of 16 ppma was pulled and 
wafers were prepared therefrom. Some of the wafers 
were then sut)jected to the hydrogen anneal at a tem- 



perature of 1200 **C for 10 seconds through use of RTA 
apparatus. The other of the wafers were sutjjected to 
the fiydrogen anneal under the same condition for the 
above anneal with PTA apparatus except tfiat a batch- 
wise heat treatment fumaoe ms used, and a treatment 
penod was 60 minutes. The results were shown in a bar 
cfiart in Rg. 3. Rg.3 stiows tfiat when the wafer was 
subjected to hydrogen anneal with RTA apparatus, the 
numt>er of COPs existing at the surfooe layer portion of 
the wafer is significantly reduced to approximately 8 
nurTt>erAMafer. and therefore is quite advantageous 
compared with the wafer subjected to hydrogen anneal 
with a t>atcfiw6e heat treatment apparatus (approxi- 
mately 93 numberA^fer). 

[0075] The effect of hydrogen anneal with RTA appa- 
ratus to COPs at the surface layer portion of the wafer 
was compared with tfiat with a t)atcfiwise heat treatment 
fumace through use of COPs measurement by the 
oxide film metfiod. History of tfte wafer and fiydrogen 
anneal condition were tfie same as those descrft)ed 
ctove except tfiat the oxygen concentration of the wafer 
was 12 ppma Heat treatment of the wafer was con- 
ducted in the similar manner to Example 2. to grow 
oxide film having thickness to 0.96 |im, and COPs 
were measured. 

[0076] The results were sfiown mabar chart in Fig.4. 
Fig.4 sfiows that when the wafer was subjected to 
fiydrogen anneal with RTA apparatus, the number Qrite- 
gmA value in depth direction) of LPD(COP) existing at 
the surface layer portton (in depth up to about 0.5 |im) of 
the wafer was approximately 2000 numberAfvafer. and 
the nuni>er of COPs at tfie surface layer portion of the 
wafer 8ut>jected to hydrogen anneal with a t>atcfiwise 
heat treatment fumace was 950 numt>erAvafer. There- 
fore, it is advantageous to use a batchwise fieat treat- 
ment fumace as for tfie number of COPs at tfie area in 
depth of ip to about 0.5 |im from tfie surface of tfie 
wafer. 

[0077] The present invention is not limited to tfie 
above<lescril)ed embodiment The above<iescribed 
ernbodiment is a mere example, and tfiose fiaving tfie 
sut>starrtial}y same structure as that descril>ed in the 
appended daims and providing the similar action and 
effects we included in the scope of tfie present inven- 
tton. 

[0078] For example, in the ak>ove<!escri>ed embodi- 
ment a resistance heating type heat treatment furnace 
as shown in Rg. 6 is used. However, the present Inven- 
tion is not limited thereto. In principle, any apparatus 
may be used so long as it can heat and cool silicon 
monocrystal wafer rapidly and can heat the wafers to a 
temperature of 1200 ''C or higher. For example, heat 
treatment can be conducted with a laser heater, X ray 
heater, a lamp heater, a batchwise heat treatment fur- 
naca 
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Claims 

1. A heat treatment method for a sflioon monocrystal 
wafer o ofiprising the steps of heat-treating in a 
reducing atmosphere a sifioon monocrystal wafer s 
manufactured t>y slicing a silicon monocrystal ingot 
which Is grown Czochralsld mettiod. character- 
ized in ttiat a wafer obtained by slicing a silicon 
monocrystal ingot having oxygen ooncentiation of 

1 6 ppma or less which is manufactured by pulling at io 
a growth rate of 0.6 mm/hfiin or more, arxl in which 
COPs exist in high density Is sut)jected to anneal 
heat treatment at 1200 ''C or atxsve for one second 
or morelhrough use of a rapid heaUng/lrapid cooling 
apparatus. is 

2. A heat treatment method for a sOlcon nrKXiocrystal 
wafer comprising the steps of heat-treating in a 
reducing atmosphere a silicon monocrystal wafer 
manufactured k>y slidng a silicon monocrystal ingot so 
which Is grown by Czochralsld method, cfiaracter- 
ized in that a wafer obtained t>y slicing a silicon 
monocrystal ingot fiaving oxygen concentration of 

16 ppma or less which is grown at a growth rate of 
0.6 mm/lfnin or more, and in which COPs exist in 2S 
high density Is subjected to anneal heat treatment 
at 1 200 *'C or atxve for 30 minutes or more through 
use of a batchwise heat treatment fumaca 

a The heat treatment niethod for a sflioon nionocrys- 30 
tal wafer according to Claims 1 or 2, characterized 
in that the size of the COP existing in high density in 
the silicon monocrystal to t>e sut)jected to said heat 
treatment Is 60 -130 nm. 

as 

4. The heat treatment method for a sflioon monocrys- 
tal wafer according to Claims 1-3, characterized in 
that said COP consists of only one void. 

5. A heat treatment method of a silicon monocrystal 4o 
wafer , characterized in that the sflioon wafer having 
COPs of a size of 60 - 130 nm is subjected to heat 
treatment in a reducing atmosphere at a tempera- 
ture of 1200^C or above. 

45 

6. A heat treatment metfiod of a silicon monocrystal 
wafer, characterized in ttiat the silicon wafer 
wherein COP is crystal defect consisting of only 
one void is sut)jected to a heat treatment in a reduc- 
ing atmosphere at a temperature of 1200^0 or so 
above. 

7. The heat treatment method for a silicon monocrys- 
tal wafer according to Claims 1 to 6. characterized 

in that said redudng atmosphere is 100 %rhydro- ss 
gen atmosphere, or a mixed atmosphere of hydro- 
gen and argon. 



8. A sflioon monocrystal wafer in which COPs are 
eliminated bf the heat treatment mettiod of Clavns 
1to7. 
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